Malignant peripheral nerve sheath tumor (MPNST) usually arises in peripheral nerve sheath cells. The intraosseous location of MPNST is rare. Mandible is the most common site of bony involvement. Involvement of bones of the hand is quite unusual. We report a case of MPNST involving metacarpal bones of the left hand treated with surgery followed by adjuvant radiation and chemotherapy and review the pertinent literature.
Introduction
Malignant peripheral nerve sheath tumor (MPNST) or malignant schwannoma is a malignant tumor arising from peripheral nerve sheath cells. The incidence of MPNST is suggested to be 0.0001%, and this tumor entity comprises 5%-10% of all soft-tissue tumors. Up to 50% of MPNSTs arise in patients with neurofibromatosis-1 (NF-1).
[1] They usually arise in the soft-tissue and their origin from bones is rare. Mandible is the most commonly reported site of bony involvement. [2] There are isolated case reports of MPNST involving maxilla, spine, sternum, and long bones of extremities. Origin from small bones of hand and foot is exceptionally rare. There is one case report of the involvement of distal phalanx of the fifth toe. [3] To the best of our knowledge, there is no reported case of intraosseous MPNST of hand in medical literature to date. We herein report a case of primary intraosseous MPNST of hand in a 24-year-old male without any stigmata of NF-1.
Case Report
A 24-year-old male presented at a different center with a 1½-year history of gradually increasing swelling over dorsum of the left hand. He had no personal or family history of NF-1. X-ray of the left hand showed a lytic expansile lesion at the base of the third metacarpal bone. Contrast-enhanced magnetic resonance imaging (MRI) of the left hand revealed a 6.7 cm × 3.4 cm × 3.0 cm expansile destructive lesion involving the entire third metacarpal bone. The proximal and distal articular surfaces were free [ Figure 1 ]. Biopsy showed pleomorphic round cell tumor with the possibility of Ewing's sarcoma in view of focal positivity of CD-99. Metastatic workup in the form of computerized tomography scan of chest, whole body bone scan, and bone marrow aspirate and biopsy was essentially normal.
Four cycles of induction chemotherapy with vincristine, adriamycin, and cyclophosphamide (VAC) alternating with ifosfamide and etoposide (IE) regimen were administered as per the INT-0091 protocol. [4] A repeat MRI of the left hand showed an increase in the size of tumor to 7.3 cm × 3.8 cm × 3.7 cm. The tumor was involving the third metacarpal bone with extension into proximal and distal epiphysis. There was involvement of the third metacarpophalangeal joint, base of the second metacarpal bone, and the interosseous muscles [ Figure 2 ].
In view of progressive disease, the patient was subsequently referred to our center for further management. He underwent excision of the tumor with nonvascular
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For reprints contact: reprints@medknow.com fibular grafting and prosthesis implant in the department of orthopedics. The fibula was articulated to the proximal phalanx using an artificial metacarpophalangeal joint. Postoperative histopathology revealed an encapsulated tumor of size 8.5 cm × 5.0 cm × 3.5 cm, with moderate-to-severe pleomorphism, increased mitosis, and focal necrosis. The tumor was very close to the resection margin (<1 mm). On immunohistochemistry, tumor cells were positive for S-100, neuron-specific enolase, and epithelial membrane antigen while being negative for cytokeratin, leukocyte common antigen, HMB45, CD34, synaptophysin, and chromogranin. The final histopathological diagnosis was epithelioid MPNST [ Figure 3 ].
Adjuvant radiotherapy with a dose of 60 Gray in 30 fractions over 6 weeks was planned in view of large tumor size (>5 cm), close margin (<1 mm), and high-grade tumor histology. Preradiotherapy examination showed a partial claw hand deformity. The patient was 
Discussion
Intraosseous peripheral nerve sheath tumors are unusual and are usually benign. In a study at the Mayo Clinic, out of 3987 primary bone tumors, only six were intraosseous schwannomas. [5] MPNST is a malignant counterpart of schwannoma and mostly arises in soft tissue. It can arise de novo from myelinating Schwann cells of the nerve sheath or by malignant transformation in preexisting schwannoma. Mostly, it arises in nerves with long courses such as alveolar nerve, sciatic nerve, and nerves of the brachial plexus.
Primary intraosseous MPNST is very rare due to low density of sensory nerve fibers in bone. There are three mechanisms, which have been postulated for osseous involvement in MPNST. [6] Tumor may originally arise from the bone or it can arise from the soft tissue with subsequent invasion of the adjacent bone or involvement of the bone by infiltration through a nutrient foramen. Involvement of small bones of digits is exceptionally rare. There is only one case report of MPNST arising from the distal phalanx of the fifth toe. [3] Malignant sarcomas of the hand are very rare and constitute only 1-2% of hand tumors. Clemens et al. reported a case of nonosseous MPNST arising from the intermuscular planes of the first web space of the hand. [7] The tumor was involving the radial digital nerve. Rarity of the condition imposes considerable diagnostic dilemma. [7] Wood et al. reported a case of malignant schwannoma arising from the median nerve misdiagnosed as carpal tunnel syndrome. [8] In both the aforementioned cases, there was no intraosseous involvement by MPNST. [7, 8] In the illustrative case, the tumor was initially misdiagnosed as Ewing's sarcoma and it progressed on induction chemotherapy with alternating VAC-IE regimen.
Preoperative clinical diagnosis is challenging particularly outside the NF-1 context. Differential diagnosis includes osteolytic lesions of bone such as aneurysmal bone cyst, malignant melanoma, clear cell sarcoma, lymphoma, plasmacytoma, and metastasis. Immunohistochemistry plays a seminal role in differentiating MPNST from other tumors. In a systematic review from the French Sarcoma Group Database, 18% of cases, initially diagnosed as MPNST, were reclassified after pathology review, IHC analysis, and molecular analysis. [9] Spindle cell MPNST was the most commonly encountered histologic subtype (71.8%). Only four (3.2%) cases of epithelioid MPNST were identified in this review. [9] Gross total excision of tumor with clear margins is the goal of surgical treatment. Adverse prognostic factors include tumor size >5 cm, high-grade histology, positive or close margin status, and presence of NF-1 disease. Patients with these factors merit adjuvant treatment. In a French study of 160 patients with MPNST, positive margin (R1/R2 resection) and lack of adjuvant radiation therapy were independent predictors of local recurrence. [9] MPNSTs are considered high-grade tumors and are known for local recurrence as well as systemic metastasis to lung, liver, and bone. Kendi et al. reported a case of left ulnar MPNST in a 29-year-old male who developed local recurrence and pulmonary metastasis in the absence of adjuvant treatment. [10] MPNST involving bones of the digits is exceptionally rare. Iwama et al. reported a case of MPNST of the distal phalanx of the right fifth toe in a 76-year-old male treated with surgery alone without any adjuvant treatment. After 1 year of follow-up, the patient developed local recurrence as well as pulmonary metastasis. [3] Until recently, the role of chemotherapy in such tumors was not well established. In an updated meta-analysis of randomized controlled trials of adjuvant chemotherapy for localized resectable soft-tissue sarcoma, the use of adjuvant doxorubicin and ifosfamide significantly decreased local recurrence, distant recurrence, and death. [11] In a pooled analysis of individual patient data from the two largest adjuvant trials of chemotherapy in patients with localized high-grade soft-tissue sarcoma performed by the European Organisation for Research and Treatment of Cancer, use of adjuvant doxorubicin-based chemotherapy was associated with significant overall survival and relapse-free survival benefit in patients undergoing incomplete resection. [12] Considering this body of evidence, our patient received adjuvant radiation therapy and chemotherapy with IA regimen in view of large tumor size, high-grade histology, and close surgical margin.
Conclusion
Primary intraosseous MPNST of the hand is extremely rare, and the epithelioid subtype of MPNST is even rarer. On account of this rarity, it often poses vexing diagnostic challenge. Immunohistochemistry plays a pivotal role in establishing the correct diagnosis. The primary treatment aim should be gross total excision of the tumor with clear margins. Adjuvant radiotherapy should be given in patients with high-risk features, and the role of adjuvant chemotherapy needs to be carefully considered.
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